Objective The objective of this study was to examine the extent to which poor sleep quality is associated with suicidal ideation among Ethiopian adults. Methods A cross-sectional study was conducted among 1054 adults attending outpatient clinical facilities in Ethiopia. Standardized questionnaires were utilized to collect data on demographics, sleep quality, lifestyle, and depression status. Depression and suicidal ideation were assessed using the Patient Health Questionnaire-9 (PHQ-9), while the Pittsburgh Sleep Quality Index (PSQI) questionnaire was utilized to assess sleep quality. Multivariate logistic regression models were fit to estimate adjusted odds ratio (AOR) and 95 % confidence intervals (95 % CI). Results The prevalence of suicidal ideation was 24.3 % while poor sleep quality (PSQI global score of >5 vs. ≤5) was endorsed by 60.2 % of participants. After adjustment for confounders including depression, poor sleep quality was associated with more than 3-fold increased odds of suicidal ideation (AOR = 3.59; 95 % CI 2.34-5.51). When assessed as a continuous variable, each 1-unit increase in the global PSQI score resulted in a 20 % increased odds for suicidal ideation, even after adjusting for depression (AOR = 1.20; 95 % CI 1.14-1.27). Participants with both poor sleep quality and depression had much higher odds (AOR = 23.22, 95 % CI 14.10-38.28) of suicidal ideation as compared with those who had good sleep quality and no depression although inferences from this analysis are limited due to the wide 95 % CI. Conclusion Suicidal ideation and poor sleep quality are highly prevalent. Individuals with poor sleep quality have higher odds of suicidal ideation. If confirmed, mental health services need to address sleep disturbances seriously to prevent suicidal episodes.
Introduction
Suicide, a preventable public health problem and global disease burden, accounts for almost 1 million deaths annually and 57 % of all violent deaths [1] . Approximately one life is lost every 40 s from suicide [2] . Globally, about 800,000 people die each year due to suicide, while 75 % of global suicides occur in low-and middle-income countries (LAMICs). Suicide is one of the leading causes of death in LAMICs with profound personal, societal, and economic consequences [3] . Suicidal ideation is a harbinger of suicidal attempts and completed suicide [4] .
Sleep disorders, affecting more than 45 % of the world's population, have emerged as important global public health problems [5] . Individuals experiencing sleep disorders have increased risks of chronic diseases such as cancer, hypertension, diabetes, and cognitive impairment, obesity, as well as increased all-cause mortality [6] [7] [8] [9] [10] . Accumulating evidences show that sleep disorders have shared pathophysiologic mechanisms with many psychiatric disorders [11] [12] [13] [14] . Sleep disorders such as insomnia, nightmares, and poor sleep quality symptoms may present elevated risks for suicidal ideation, suicide attempts, and death by suicide [12, 15] . However, the geographical scope of evidences is limited, with the majority of researches being conducted in higher-income countries and disproportionately little evidence coming from LAMICs [14] . Recent studies conducted in Ethiopia have documented high prevalence estimates of poor sleep quality [5, 11] in adult populations similar to those reported in other occidental countries. To the best of our knowledge, however, no study has evaluated the link between sleep quality and suicidal ideation among Ethiopians or other sub-Saharan African adults. We therefore conducted this cross-sectional study to evaluate the extent to which poor sleep quality is associated with suicidal ideation in Ethiopian adults.
Methods
This study consisted of 1060 participants who attended the Saint Paul General Hospital outpatient facility in Addis Ababa, Ethiopia, which provides all major specialized medical services. For this study, participants eligible for inclusion came from the internal medicine, general surgery, and gynecological outpatient departments. Data were collected between July and December 2011. Data were collected by research nurses who participated in a 4-day training session that included training modules on the contents of the questionnaire, ethical conduct of research involving human subjects, and appropriate data collection techniques. Structured in-person interviews were used to collect information regarding demographics, sleep disturbances, and behavioral and lifestyle characteristics. The questionnaire was first written in English, then translated by linguistic experts into Amharic, which was then back-translated into English. Research nurses approached and invited eligible patients to participate in the study. Interviews were conducted after completing the informed consent process. All study participants provided informed consent, and the research protocol was approved by the Institutional Review Boards of Addis Continental Institute of Public Health, Addis Ababa, Ethiopia, and the Human Subjects Division at the University of Washington, Seattle, USA.
Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index (PSQI) is a self-rated questionnaire that assesses sleep quality and disturbances in the last 1 month preceding the interview [16] . The PSQI instrument has been widely used globally including in Ethiopia [17] . The PSQI consists of seven sleep components related to sleep habits including duration of sleep, sleep disturbance, sleep latency, habitual sleep efficiency, use of sleep medicine, daytime dysfunction, and overall sleep quality [16] . The score for each sleep component ranges from 0 to 3, with 3 indicating the greatest dysfunctionality. The sum of scores for all seven components yields one global score ranging from 0 to 21, a higher global score indicating poor sleep quality. Participants with a global score greater than 5 were classified as having poor sleep quality. Those with a score of 5 or less were classified as having good sleep quality.
Major depressive disorder
The Patient Health Questionnaire-9 (PHQ-9) is a brief nineitem questionnaire designed to detect major depressive disorder according to the criteria from the Diagnostic and Statistical Manual for Mental Disorders (DSM-IV) [18] . The PHQ-9 has been previously validated in Ethiopia [19] . The score of each item ranges from 0 to 3, with 3 indicating most distress. The sum of all nine items yields one overall score ranging from 0 to 27, a higher total score indicating depression. Those with a score of 9 or less were classified as not depressed. A metaanalysis of 14 studies supports the use of a PHQ-9 score of ≥10 to classify subjects with major depressive disorder. [20] In the present study, we utilized only the first eights questions to calculate an overall depression score as the PHQ-8. Question number 9 that asks about suicidal ideation was not considered in the total score for depression. Participants with a total PHQ-8 score of 10 or greater were considered depressed.
Suicidal ideation
Suicidal ideation was assessed on the basis of participants' responses to item 9 of the PHQ-9; Bthoughts that you would be better off dead, or of hurting yourself^in the 14 days prior to evaluation. If the response was Bseveral days,^Bmore than half the days,^or Bnearly every day,^suicidal ideation was coded as Byes.^Participants responding Bnot at all^were classified as Bno^for suicidal ideation.
Covariates
Questions were also included regarding behavioral risk factors such as tobacco, alcohol, and khat consumption. Khat is an evergreen plant with amphetamine-like effects commonly used as a mild stimulant for social recreation and to improve work performance in Ethiopia [21, 22] . Participants were classified according to their alcohol consumption in the past year into no alcoholic beverage, <1 alcoholic beverage a week, and ≥1 alcoholic beverages a week. Other variables were categorized as follows: age (years), sex (male, female), education (≤ primary (1-6), secondary (7) (8) (9) (10) (11) (12) , college graduate), smoking status (never, former, current), and khat consumption (none, former, current).
Statistical analysis
After excluding participants with missing data (n = 6), a total 1054 remained for analyses. Demographic and lifestyle characteristics of study participants were assessed using means (± standard deviation) for continuous variables and counts and percentages for categorical variables. Differences in categorical variables were evaluated using chi-square test. For continuous variables, Student's t tests were used to evaluate differences in mean values according to participants' suicide ideation status (yes vs. no). Unadjusted, sex and age-adjusted and multivariable adjusted models were fit to estimate odd ratios (ORs) and 95 % confidence intervals (95 % CI) to assess the association between sleep quality and suicidal ideation. Multivariable-adjusted logistic regression models controlled for age, sex, education, cigarette smoking, and alcohol and khat consumption. Multivariate models were further adjusted for depression. We also assessed the odds of suicidal ideation across tertiles of global PSQI score where tertiles were defined on the basis of the distribution of the scores for the entire cohort. We evaluated linear trends in the odds of suicidal ideation by treating the three tertiles as a continuous variable after assigning a score (i.e., 1, 2, 3) for successively higher tertiles. Further, to assess the joint and independent effects of poor sleep quality and depression on the odds of suicidal ideation, we grouped participants into four categories as follows: (1) good sleep quality and no depression; (2) poor sleep quality and no depression; (3) good sleep quality and depression; and (4) poor sleep quality and depression combined. Those with good sleep quality and no depression comprised the reference group, against which participants in each of the other three categories were compared. In multivariable analyses, we evaluated linear trend in odds of suicidal ideation by treating PSQI global score as a continuous variable. We also explored the possibility of a nonlinear relation between PSQI global score and odds of suicidal ideation using the generalized additive modeling (GAM) procedure, with a cubic spline function [23] .
All analyses were performed using SPSS Version 22.0 (IBM SPSS Version 22, Chicago, IL). The GAM analyses were performed using BR^software version 3.1.2. All reported confidence intervals were calculated at the 95 % level. All reported p values are two-tailed and deemed statistically significant at α = 0.05.
Results
Our study consisted of 1054 participants. The majority of participants were women (60 %) and married (51 %), and 78.4 % had fewer than 12 years of formal education. Cigarette smoking was reported by 10 % of participants, while 34 % of participants reported consuming alcohol at least once a month. Approximately 60 % of participants endorsed having poor sleep quality while 27 % of participants reported suicidal ideation (Table 1) . Depressed participants had higher mean PSQI global scores compared with nondepressed participants (Fig. 1 ). As shown in Table 2 , compared to those with good sleep quality (global PSQI score ≤5), participants with poor sleep quality (global PSQI score >5) had more than 6-fold higher odds (OR = 6.33; 95 % CI 4.28-9.36) of suicidal ideation. The association remained essentially unchanged after adjusting for age, sex, education, cigarette smoking, and alcohol and khat consumption (AOR = 6.30; 95 % CI 4.23-9.37). Further adjustment for depression resulted in an attenuated association (AOR = 3.59; 95 % CI 2.34-5.51) ( Table 2) . We next examined the odds of suicidal ideation according to tertiles of global PSQI scores (Table 2) . After adjusting for confounders including depression, the odds of suicidal ideation increased across increasing tertiles of global PSQI score global score (AOR = 1.20; 95 % CI 1.14-1.27). The odds of suicidal ideation in relation to sleep quality expressed as a continuous variable using a generalized additive model (GAM) confirmed increasing odds of suicidal ideation with increasing global PSQI score (Fig. 2) . As shown in Fig. 3 , we observed some evidence of suggestive effect modification, although the p values for interaction terms were not significant. Individuals who were poor sleepers but who were not depressed had 3.60-fold increased odds (AOR = 3.60; 95 % CI 2.19-5.93) of suicidal ideation as compared with those with individuals who had good sleep quality and who had no depression. Of note, individuals who were poor sleepers and who had depression had considerably elevated odds (AOR = 23.22; 95 % CI 14.10-38.28) of suicidal ideation as compared with the referent group. Inferences from these exploratory analyses, however, were limited by our relatively small sample size, as reflected by the wide 95 % confidence intervals.
Discussion
The prevalence of suicidal ideation in this cohort of Ethiopian adults was 24.8 %. We found that poor sleep quality was associated with a 3.46-fold increased odds of (AOR = 3.46; 95 % CI 2.27-5.26) suicidal ideation after adjusting for confounders including depression. When assessed as a continuous variable, every 1-unit increase in PSQI global score resulted in a 20 % increased odds of suicidal ideation (AOR = 1.20; 95 % CI 1.14-1.27). The odds of suicidal ideation increased across successive tertiles of PSQI global scores, and this trend was confirmed when we modeled suicidal ideation using the generalized additive modeling (GAM) procedure with a cubic spline function. The data provides clear evidence that sleep quality and depressive symptoms have a strong association with suicidal ideation in Ethiopian adults.
Our findings are generally consistent with existing literature reporting strong associations between poor sleep quality and risk of suicidal ideation [24, 25] . For instance, Lapierre and colleagues, in their study among community living older adults, found that poor sleep quality (assessed using the PSQI) was significantly associated (p < 0.001) with prevalent suicidal ideation (assessed using one item) [26] . Other investigators have reported similar associations. A recent meta-analysis of 39 studies has also indicated that sleep disturbances are associated with a 1.86-fold increased odds of suicidal ideation (OR = 1.86; 95 % CI 1.52-2.28) [27] . In sum, available evidence indicates that sleep disturbances, in addition to being a symptom of depressive disorders, is an important independent risk factor for suicidal ideation. On the basis of these epidemiological findings, authors have argued that sleep-focused intervention strategies should be developed and added to suicide prevention initiatives [15] .
Biological mechanisms for the robustly observed association of sleep disturbances and poor sleep quality with suicidal ideation have not been fully elucidated. However, the associations are likely attributable to the fact that the two conditions share several neurobiological pathways including hypothalamic-pituitaryadrenal (HPA) axis alterations, elevations in proinflammatory cytokines, and decreased serotonergic tone [27] . Sleep disorders have been reported to lead to alterations in HPA axis hormones, such as adrenocorticotropic hormone (ACTH) and cortisol [27] [28] [29] . Alterations of the HPA axis, observed among individuals with suicidal ideation and depressive disorders, may well be one mechanism underlying the consistently observed statistical association of sleep disturbance and suicidal ideation. In a recent study, suicidal patients, as compared with their nonsuicidal counterparts, were found to have chronic systemic inflammation, as evidenced by their higher plasma or serum concentrations of proinflammatory cytokines including interleukin-1β, interleukin-6, interleukin-10, C-reactive protein, and tumor necrosis factor-α [30] . In addition to these hypothesized neuroendocrine and proinflammatory mechanisms, some investigators have posited that shared psychosocial and behavioral mechanisms, including adverse life events, psychiatric conditions, and physical inactivity [26, 27] , may explain the observed associations. More research is warranted to thoroughly explore hypotheses concerning mechanisms underlying observed sleep disturbance and suicidal ideation.
The strengths of our study include a large sample size and rigorous analytic approaches that included accounting for confounders. However, several limitations must be taken into consideration when interpreting our results. First, we used a cross-sectional study design, which hinders our capacity to make assertions pertaining to the directionality or temporal relations of sleep disorders and suicidal ideation. Second, our study population consists of patients who were attending outpatient clinics thereby limiting the generalizability of our study findings to a broader general population. Third, the potential of recall bias must be considered as participants were asked to report sleep habits over the past month and report distress over the past weeks to address PSQI and PHQ-9 instruments, respectively. Lastly, subjective sleep quality and sleep habits were measured using the self-administered assessment tool. Causal inferences will be enhanced in future prospective studies designed to allow interrogation of the directionality of sleep disturbances and suicidal ideation. Furthermore, such studies should include both subjective and objective measurements of sleep quality and other sleep traits to more fully characterize the associations. This is the first reported study to assess the independent relationship between subjective sleep quality and suicidal ideation among sub-Saharan African adults. Future research with objective measures of sleep disorders and diagnostic assessments of suicidal ideation is needed to confirm and expand upon our findings. A recent WHO Mental Health Action Plan seeks to achieve a 10 % reduction in suicide by 2020 in many LAMICS [3] . In light of this aspirational goal, and in light of our present findings, mental health services designed to identify, intervene, and prevent death by suicide should consider addressing sleep disturbances and poor sleep quality as important components of care.
